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ABSTRACT 

This publication is a report in which past trends and 
!;S?^f Jf^^*^''® ^^^'i^^^jfic aanpower in the f or> of ^ientists and 
engineers are reviewed, the current status of the scientific nanpower 
Jl***:?'*^'* described, and various assessaents of possible future 

coypared. Within the last 25 years the situation has 
changed froa one in which scientists and engineers had been able to 
picJc the type of job desired and the geographic location to one of 
unemployment. The information contained in this report may be used as 
a sound, factual basis for future planning, (peb) 
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FOREWORD 



Scientists and engineers are and will continue to be one 
of our most precious resources. They constitute the key ele- 
ment in our scientific and technological enterprise, which has 
so much to offer towards the improvement of the national 
welfare. At the present time, this professional manpower 
system is in a difficult transition period caused by changing 
national priorities and, at least temporarily, a balancing of 
supply and demand. This report, prepared by Dr. Charles E. 
Falk, Director of the Division of Science Resources Studies, 
constitutes a summary which reviews past trends and events, 
describes the current status, and compares various assess- 
ments made of possible future situations. As such, it repre- 
sents a sound, factual basis for future planning. 
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INTRODUCTION 



There is increasing concern over the current and future scientific* 
manpower situation in the United States. The type of concern, which is 
expressed at both the individual and institutional leveK represents a 
relatively new phenomenon on the American scientific manpower 
scene-at least as far as th? last 25-year period is concerned-in that it 
deals primarily with questions of oversupply. While there have been 
criticisms of the lack of national manpower planning in the area of 
science and technology, it should be recognized that attention to scien- 
tific manpower problems has been part of the national scene since the 
end of World War II which demonstrated that scientists could and 
should play a vital role in dealii^ with complex national technological 
•endeavors. TTiis recognition was intensified, with a broad base of public 
support, at the beginning of the Space Age in the late '50's and early 
'60's. At that time, and during the ensuing decade, major concern con- 
centrated on the inadequacy of the supply of scientists. Expressions of 
this concern can be found in the "Seaborg Report"' issued in 1960 by 
the President's Science Advisory Committee, and the "GUIiland Re- 
port'" issued by the same Committee in late 1962. Congressional and 
Federal agency actions designed to remedy anticipated manpower 
shortages are well illustrated by the National Defense Education Act of 
1958 and ihe initiation of traineeships and trainii^ grants by NASA in 
1962 and the National Science Foundation in 1964. 

Howevr, the situation has changed rapidly and dramatically dur- 
ing the last few years. Scientists and engineers have experienced con- 
siderably greater difficulty in either finding work utilizing their special- 
ized training or finding work at all. After a 20-year period of being 
almost able to pick the types of jobs desired and their geographic 
location, this change has come as a shock to those scientists who 
entered the labor market during this period and especially to the recent 
graduates who matriculated at a time when jobs were plentiful. Unem- 
ployment of scientists, miniscuie up to the last 24-month period, has 



*7hrou^out this paper, generic ui« will be mnie of the term -science" ami its deriva- 
fh'C* to indicate ''seance and em^neeiii^." Induding ihe sockl sciences. 
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alst) produced severe personal hardships for some individuals in all age 
groups. Beeausi' the problem has broad overtones related to th<' na- 
tional welfare, manpower utilization, and educational policy, it has 
reeeived considerable attention at every level of governmenl. within 
professi<»nal s<Mieties, and among academic institutions and associa- 
tions. 

Scientific manpower problemj* and their solutions arc especially 
difficult b«'cause of the long time constants inherent in the dynamics of 
.some parts of {he system. KSci'-nce students must make career decisions 
relatively early; many do so by the Mme they have completed one year 
o: . olli^, or i ven when they are still ir Migh si hool. Consequentlv.'the 
e.Tccts of career-choice changes on th »ply of scientists are u«ially 
not felt until four to nine years after ti»i < changes have taken place. By 
the same t<»ken. once imbalances in the manpower pool have dcvelop<-d. 
it takes just about as long to achieve corre< tive actions, though within 
areas (»f sc ience imiialances can sometimes be rectified througli inter- 
field mobility. On the other hand, manj, of the factors controlling the 
utilization of .st-ientific manpower change on a much more rapid st'ale. 
National decisions on the initiation, expansion, or reducti<m of broad 
programs can be implemented within a relatively short time as illus- 
trated by the start of the .space progranj in the late '.'JO's, the recent 
rc-ductions in space and defense programs, and the current, rapid evolu- 
ti<m of national concern and programs dealing with major problems 
related to the quality of life in our society. The vitality of the econo- 
my. which also has a direct impact on the employment of scientists, can 
change markedly in a matter of months. Tlius. with supply phenomena 
involving long-time constants auA utilization capable of relatively rapid 
change, if is inevitable that we will experience periods of imbalance. 
One cf the key challenges to national science manpower planning is the 
minimization of these periods of stress. While there may be a consider- 
able degree of difficulty inherent in matching demand and supply, this 
should not be taken as a reason to forego better national science man- 
power planning. As a matter of fact. becau.«<' of the long-time constants 
involved, both in the production of scientific manpower and in the 
development of the institutions which train them, the experience of the 
last two decades indicates clearly that more manpower planning than 
ever is required. Such planning must involve Federal, State, and local 
governments, the academic community, and the Nation's industrial 
enterpri.se. 
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Since we are clearly in the mids! of a difficult trannitiunal f^riod, 
l\m report will Hummarize the current situation and the attempts which 
have been made to projeii future .scientific manpower supply and utili- 
zation* However, before loi)kiiig at the present and futun*. it is essential 
to review how we reached our present status because such knowledge 
will assist in the understanding of current problems and will provide the 
basis for projei*tions into the future. 

During the '60\ the relative interest among students in the 
natural sciences was maintained and stimulated hy exciting intellectual 
developments in such fields as molecular biology* particle physics, 
astronomy* and spectacular technological feats such as the new space 
venture. The Nation as a whole encouraged these interests bei*aus<* of 
manpower needs generated by external challenges, namely those of 
space and defenw. In addition, increased awareness and conci*rn for 
societal problems contributed to the major relative increase in social 
si*ience baccalaureates. Tlie result was a rapid growth up to 1968 of 
R&D funding which in turn produced major expansions in academic 
and industrial institutions as well as greatly increased production and 
utilizaticm of scientists (chart 1). Thus, between I%0 and 1970. in- 
dustrial employment of natural scientists and engineers increased by 
about 35 percent^ and baccalaureate production in science and engi- 
neering more than doubled (chart 2)."* This growth in science baccalau- 
reates was part of a broader increase in the number of total baccalau- 
reate degrees granted which reflect (1) a rapidly growing national nter- 
est. including that of students, in higher education, (2) increased afflu- 
ence in the United States, with real per capita income increasing by 
about 35 percent between 1959-69,^ and (3) demographic factors such 
as the baby b(H)m exprienced after World War II (chart 3). Advanced 
degree growth rate was even greater-annual science master *s produc- 
tion in'Tcasi'd by a factor of 2.5 in 1960-70; and doctorates (excluding 
d(»grees such as M.D.), by 2.9. 

Th(* most rapid increase among siMcnce baccalaureate degrees in 
1960-70 (H'curred in the field of soc ial s<*iences. while engineering and 
the physical sciences maintained an almost constant level of baccalau- 
reate production during the lasJ five years (chart 4). However, the 
retention rate for advanced formal training for scH'ial siMcnce baccalau- 
reatt^s is relatively low.^'* Consequently, the growth rates for the 
annual number of master and doi^torate degrees awarded in the SiK'ial 
si'iences were not very different from thos<' in the natural sciences. 



I I/^" 4fiiS.S7t O ' 12 ' 2 



3 



1 N^^II&Ooi9«M»yfw6yMiR«8^(tm^ 



of tfeflM) 
28 1- 




Noo Federal R&O 



8 - 




Chafta. De9«M9wited,8Bfiei^andM:i0ne«mdeii^iMHiigfi^ 



ml 



soo 



no 



100 



« Bact>elof's amJ 1$t professional degr^ 
•« Master's degrees 
Doctor's de9rees 







linteK of chdf^. 1963-64 end 19^70 




{1959-60 »B8S8!e^) 










19S9-70 


Bectwior's & Isi pfofetstondt All fn^ 


127 , 


211 


^. s E. ffeJds 


127 






136 






J51 ^ 
147 


^ ?46 




m 


S. & £. I«ids ] 


149 





Science and engineering fields 







Science and en^neer ing fields 



All fields 



All fields 



'6^62 'fi2« '63^ '84« .gj^ ,g^^ 

Aetd«nleym 



MST CWr flVAIlflBLE 



Chfifta. Numbwof 18to21 yeftrold8»l960to1^ 





20 




l*roiected 


J 






-^-^ 




:s 










Actual 






10 








s 








0 


L_I_L i_ 1 1 1 


1 » t 1 1 1 — ^ — 1 ' ' ' ' ' '''111 



1980 tSTO 197S 1$80 198^ 

BEST copy mip^ij 



it 

o 

ERIC 



Chart 4. 
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THE PRESENT SITUATION 



As a result of these sharp growths in academic degree award rates 
and some increases in the number of "upgraded" nondegree engineers 
necessitated by prevailing shortages, the total U.S. scientific and engi- 
neering work force increased from 1,160,000 in 1960 to just about 
1,700,000 in 1969* (chart 5) and an estimated 1,750,000 in 1971 By 
1969 the pool of Ph.D.'s had grown from about 90,000 to about 
158,000 with the 1971 estimate amounting to about 185,0^. This 
mcluded an impressive increase by a factor of 3 in the number of 
engineering Ph.D.'s. This overall group of scientists and engineers was 
pnmarily employed by industry-70 percent-with government and aca- 
demic institutions sharing the remainder. In contrast, the doctorates 
were pnmanly employed in universities and colleges, with 60 percent 
being located in academia. However, there was considerable variation 
among the various disciplines with almost 85 percent of the Ph.D 's in 
mathematics located in academic institutions while only 40 percent of 
the physical scientists worked in universities and colleges. 

As for the distribuiion among types of activity , chart 6 shows that 
a. expected only about one third of non-Ph.D.'s are primarily involved 
•n research and development, while about 50 percent of the doctorate 
^oup is concentrated in this activity .t Furthermore, there are again 
distinct differences among the various fields which beco.De important 
for utilization projections. 

In considering the present situation, it is also important to look at 
recent changes in student interests in science and technology because 
they have important implications with respect to the future supply 
O .e of the earliest indicators is the career interest of first-time college 
students which has been studied by Astin, et al, of the American Coun. 
cii <m Edu cation.^ These studies show that the fraction of these stu- 

i? . ffo"" numerous data sources. Since not aU of these are uodated 

^ually it ,s only possible to develop the latest complete picture for 1969 eveTthTuXnS 
pieces of thts mosaic are already avaiUWe for 1971. lor lyov. even tnougfi many 
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dents who intend to work towards careers as research scientists has 
deereaw'd steadily from 3.5 percent in 1966 to 2.5 percent in 971, 
while similar data for ifiterest in engineering careers show a decrease 
from 9 percent to 5.3 percent. While thew relative changes of career 
interest are small from a statistical point of view, they do appear io ht' 
significant because the data show a steady trend and thus seem Io be 
indicative of a decrease in interest in science and "ngineering careers 
among college freshmen. During the same time interval, the total lum- 
ber of freshmen increased by about 37 percent." Thus, if these students 
actually follow their plans, the absolute number of new entries into 
these occupations would remain approximately constant. It .should. ,)f 
course, be realized that freshmen frequently change career obje<-tives 
during the course of their college education. However, this is not as 
prevalent among those opting for science and engineering as among the 
rest of the student body,* A more definitive indication of chasige in 
interest can be observed from the data collected by llie Office of Edu- 
cation' and the Natit)nal Science Foundation'® en graduate enroll- 
ments. As shown by chart 7. since 1964 there ha.s been a relative de- 
crease in graduate science studies, primarily in thr physical sciences and 
engineering. Furthermore, NSF data collected from 212 dectorate- 
grantifig institutions .show between fall 1969 und 1971 an absolute 7.2 
percent decrease in first-year full-time gradr.ate enrollments In science 
(table I ). Such a decrease is not reflected in OE' data which covers all 
institutions providing graduate training. 

TaWe 1 -Changes in first-year, full-time enrollment in doctorate science depart- 
m«its In VS. univeraties, 1970-71 





All imtitu- 
lions 


20 lop miver- 


1 27 iniemieJi- 
ate univer- 
sities^ 


63 developing 
graduate 
schools^ 


First-year, full- 
time enrollment . . . 

1969- 70 change 

1970- 71 change 
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2.2% 
5.0% 


lO.lM 

- 7,4% 
-7.8% 


25.479 

-0.2% 
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4,277 

+0.1% 
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^Thc lop 20 Graduate Insfitutiiinv j^elected on the ba^s of the number of NSI- f;l!ows 
who chose a particular institution for graduate study md the amount of Federal R&D money 
awarded to the institution. 

^127 remaining institutions called "fntermeduJtc." 

^6S Di'veloping Graduate Institution^ those awarding science Ph.D/s in \96{) and after- 

watds- 

Source: National Science Foundation. 
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The obMTved relative ami possibly absolute decreases in science 
enrollments ar due to a number of factors. Students have become 
much more sensitive to some of the mal^ffects which stunetimes are 
the byproducts of technology, while frequently not completely aware 
of the many l>eneficial aspects. This sensitivity, coupled with increased 
interest in social problems, has undoubtedly influenced student career 
chtiices away from tlie natural sciences and has been at least partially 
responsil>le for the relatively large incn-ases in social science baccalau- 
reates and the growing interest in careers in law and medicine,* ^ Feed- 
back of actual and exaggerated information of changes in employment 
opportunities and the prospe< t of reduced Federal financial support 



Chart?. Total enroilirant fc»r ailvaiteed <legreo8, sconce and ongineaffiig 
as a percent of all fl^ faU 1880 to 1970. 



70 



64 

62 



38 
38 
34 
32H 



Nonscience fieUfs 



JaMmS»tc» 




'69 70 



SOURCE: 



'61 '63 '64 -68 '67 

FaKof 

•^""^-^ BBI COW AVAILABLE 



ERIC 



have alsH» uixiuubtedly contributi-d to the veeririg-away from seience on 
the part of students. 

The situation is aggravated beyond quantitative consideration.^ be- 
eaujse recent decreases in enrollment appear initially to have been much 
more severe in the top institutions (table 1). It should be noted that 
some of the reduction.** in size of the first-year graduate school c!asse« 
are self-imposed by the in.stitutions. The reasons for this .seem to be 
diverse, varying from the belief that student-to-faculty ratios have be- 
come too large to financial con.<iderations based on the high cost of 
graduate education. One frequently mentioned reason is that depart- 
ments do not want to accept graduate students unlcsi? they are able to 
provide them with financial support during the course of their graduate 
training. Thus, recent reductions in Federal academic si-ience funding 
(chart 1), as refiected in the more limited availability of research assist- 
aiitships, fellowships, and traineeships, have undoubtedly been one of 
the factors responsible for this self-imposed limitation. 

Under- and Unemploym<Nit 

The Mtuation of the last three to four years reflects a .significant 
change in both the potential supply and the actual utilization of scien- 
tists and engineers with unemployment and underemployment becom- 
ing an incieasingly important and worrisome issue. It is clear that the.se 
problems -re the result of tlie convergence of a numb^T of different 
factors. 

hi terms of current dollars, national R&D expenditures have in- 
creased continuously. However, between 1967 and 1971 the level of 
total K&D funding in terms of 1967 dollars has declined on the average 
by 1 .5 percent per year.' ' This decrease in R&D expenditures has been 
due primarily to an average armual decrease of 4 percent in Federal 
R&D funding which is, however, increasing by 5 percent in FY 1972 
and expected to grow further by 4 percent in 1973. Non-Federal R&D 
expenditures have continued to increa.se by an average of 2.2 pi'rcent 
per year' ' though this rate has been declining in the last two years. The 
latest McGraw-Hill Survey'" predicts continued growth of business 
R&D funding until 1974 at an annual rate of 6 percent in terms of 
current dollars. However, anecdotal evidence raisi-s the question as to 
whether a leveling-off in non-Federal R&D funding might not U' experi- 
enced now as a n'.sult of the past sluggi.shness of the economy. Aca- 
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demie scwtwe fumfing from non-Frderal sources lias alxo been under 
H'wrv pre.ssun' as a result of the fiuaiu ial burdens of State Govern- 
in«'nts and the general state of the economy which has reduced private 
donations, At the same time, there has b<'en a fairly steady period of 
inflation, which for research expenditures is even more severe than that 
indicated by the changes in the GNP Implicit Price Deflator. For ex- 
ample, an academic K&l) price index developed by NSF shows an 
increase- of 32 perc«'nt over the last six years' « as compared to a 26-per. 
cent increase in the GNP Deflator. 

As a result of these various phenomena, since 1%9 unemployment 
of scientists and engineers has acceleraled-the employment rate during 
1071 being 2.6 percent for scientists and 2.9 percent for engineers 
(< hart B). I}« st current estimates of unemployed scientists and engineers 
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art' iif tin- <>rd«T i»f 5().(KM) tt» 6r>.(HI0. Whilr the estimatt- of this total 
number is fairly good, relatively little has Imvii known abtjul details^ of 
the situation sueh as tlw agi' distribution of the unemploy«'d. tin- U-ngth 
<»f the pi'riod of uiH-mploymenL the geographieal distribution of unern- 
pbiyed. the distribution among various fields of seienee and {-ngineer- 
ing. et<-. Partial inft)rmation has U'efi available sueh as that on physi* 
eists, eolleeti'd and analyzed b* Grt)dzins.' * data pertaining to ehem- 
ists. < t)lle< ted by the American Clu-mieal So< ietv.' ' and statistics re- 
garding 1971 Ph.D/s and postdortorals devi-loped by the National Re- 
search Coumil.^" However, in summer 1971, the Natitmal JVience 
Foundation completed a survey of the 3I0,(KM) scientists'* who r*-- 
sfHindeJ to the l<^70 National Kcgister of Scientifi<- and Technical Per 
soimel and, in conjunction with the Engifu-ers Joint (-t)un< il. surveyed a 
sample of i(K).()(H) •■ngineers' ' pi< ked from the memb^-rship lists of the 
professi«inal societies thai are a part of the Engine«Ts Joint ('ouncil. the 
IEEE, and the American Institute of Aeronautics and Astronautics. 

The scientists survi-y sht)ws that 2.6 percent of the respond«'fits 
were unenipioyed with i.4 percent unemployment reported by doctor- 
ates. .*^cientists under 30 years of age showed by far the higin-sl ufu-m- 
ployment rate {^.:\ percent), of any ag<' group. Uefensi' and space- 
related activities wt-re cited as the last ar«'as (jf empl<)ynu-nt by 1 1 
percent and 4 percent of the utwmploy«'d. The av«'rage length of unem- 
ployment experienced as of June I. 1971 was over s«'ven months with 
about iry percent of unemployed respond«'nts reporting that their last 
.si'ience related imployment was suppi»rted to some d<'grc«' by U.S. 
Ciovernnu'nt funds. While a total of .'i.f) percent of the employed scien- 
tists were engaged in non.science activities, only 1.6 piTcent of the total 
had ac< epted .such j>ositi<)ns since Man h 1970. 

The situation for engineers was somewhat similar tt» that of scien- 
tists. Thu.% 3.0 percent reported to be uiu-mploycd ;hmI se«'king employ- 
ment in the June-July 1971 jjeriod. with do< t«)rales showing a smaller 
unemployment rate of 1.9 (H-rcent. Again, the younger engineers 
sht>wed the greatest ufu mployment rate -.^..'i penent for thosi" urider 
24 years. However, in contrast to th< s< ientists. engineering unemploy- 
ment did not decreas*' ufiiformly as a fum tion of age. but showed an 
upturn for the oldest gr<Mrp~5.'> to 64 years. As expected, the um-m- 
ploynn-nt rate for engimers pri'viousiy involved in .space and defense 
activities was higher than th<' average, i.e.. 6.3 jM-reent and 4.8 percent. 
r<'sp<'ctiv«'ly. Furthermore, engineers wIh» wi re not din'< tly supported 
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by FrtU-ral UuuU n^porteil a lowi'i ti ari averagr 2.3.fHT('('iit unemplov 
mvnt ratv. 

T«» many, the unomploynient numbiTs stated here might apfw-ar 
sniaii roniparcd t«» othrr figures qiiott-d in the prc-ss. in sptMvhes, or in 
int<Tvi<'ws. HowfVtT, tin* largiT figures an- fn-quently tht- product of 
inadvvrteat mi^ifll^•rp^<•tations of information. For example, data have 
b<'en eolliTled on the unemployment <,f s<'ientists, engineers »;id teeh- 
rtieians as a group: yet, this nu mln-r is frequently quoted as U-ing the 
unemployment rate for only seietjtists and engineers. Surveys have also 
been made of the niimb«-rs of scientists who were laid off by a particu- 
lar industry: for example, the aerospae*' industry. Frequentlv. such 
numbi'rs aw thvn quoted to repr«'seii! the mimber «>f unemployed s« ien- 
»ists: yet, some «)f the sanw ."iurveys show that a major fraction of those 
laid off w.-re employ«'d again within a p«Tiod of months. Another com- 
mon mistake is that of gr«>uping uiK-mployed w ientists with tho.si' re- 
ported as temporarily employed, an t-xamph- iM-ing the comments by 
Sutler HI a re. ent report «)f the American Chemical Society.' ' .*iuch 
c<Hnbination of two completely differ«'nt group> is inappropriate since 
the lem|M»rarily-<'rriployed S4'ienlist is legitimately employed, frequently 
with full utilization «>f his training. Another erroncou.-i approach is t<> 
generalize on the Iwsis of the unemployment situatiorj in a particular 
geographic area or fi«'ld of sc ience. For «'xample, it is « lear that phy.si- 
cists s<-em to Ik- csjx'cially hard hit and that the situation in certain U.S. 
cities aiu h as Angeles. S<'attle. lioston. etc.. is much wors<- than 
indicatetl by the natiotjal mean. Serious as these regional and field 
avariations arc, they are not repr«'s«'ntative of the overall national pic- 
ture. 

In summary. thcr«' has Ih-cu a very .significant relative increa.si' in 
the unemployment rate for scientists and engifieers. On the other hand, 
it must hv rememlM-n-d that the starting point for this comparison was a 
very low unemployment rate of less than I fx-rci-nt and that even with 
the recent laip- relative increases. th«- overall rate is still only about 
onchalf as large as that for all workers in the labor fore*-. .\«'vcrltieless. 
tin- current tei hnical uncmploynn-nt represents lH>th p<'r.<*onal and na- 
tional prtihlems. Tin- jM-rsonal hardships tn-ed no d«'S4 riptiofi except t«> 
point out that they involve individuals who have achieved considerable 
advanced training, frequenti) at p<'rsonal sa«rifice. From a national 
point of view, sc ientists and engiru-ers repres««nt an imp«>rtafU resource 
wlii<'h we carjfiot aff.ird I«) lose on a f>crmanent basis~a very real pos.si- 
bility if unemployed scij'iitists num- into other «)cnipalions. 
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The question of how to deal with this important prohleni is a most 
difficult otw. One rffjilivj' temporary meehanism affeeting mostly 
younger scientists has Im^n the Presidential Intj'rnship Program which 
prt»vid<*?i one-year jobs at Federal Lalwratories. Retraining is anoth«T 
possibility for scientists o( all age groups. »ut. it is clear that it must 
provide more than a temiwrary stilution. l]nU*ss we have a U'tter notion 
of sp«'cifi<' future demands, such an approach will only ptistp<ine our 
current problems with the result that when they reapp«'ar, the s< ientists 
affected will have their iww htipes shattered with no one being better 
off. Thus, n'training for specific type's of jobs, with the help of govern- 
ment arul private support, will Iw most effective if e-ssentially guar- 
anteed jobs are available at the end of the training program, Tfu' only 
other type* of nMraining which may be helpful involves a diversification 
of knowledge and «'X|K'rience, which will make the unemployed scien- 
tists more suitable candidates for a wider variety of jobs. However, bv 
far the most desirable short-range solution to the unemployment prob- 
lems of scie ntists is an increase in job openings develop<>d through the 
w^gular demand mechanisms of economic and government program- 
matic needs. 

With unemployment still iH'ing relatively small, there is the matter 
of underemployment. i,e,, employment that does nc»t utilize the train- 
ing of a si-ientist, WhiU* In-ing a very real issue, it is one for which it is 
m<ist difficult to obtain unambiguous data. The determination of 
underutilization of training involves very subjective* judgments. Clearly, 
the Ph,I), in < hemistry who is forced to drive a taxi is underemployed, 
fUit how about the high-<'nergy physicist who is working in industrial 
optical de-sign, the research engine'er who i* now in the technical sale's 
departme-nt of a high techmdogy industry, or the Ph,l). biologist te-ach- 
ing in a four ye-ar colle-ge*? The individuals involved might consider 
themse'lve's unde-remployed, but would others share this judgme-ntr 
S<mie indicaticm of the magnitude of undercmployme'nl of new Ph,D,''s 
has be'cn provide-d by a departmental chairman survey^® carried out by 
the National Acadi-my of S< icnces, I'sing the following definition. 

•'Appropriate work is interpreted to include a faculty or 
n*«*arch staff appointment in any unive-rsity. college* or 
junior colh'ge, a res<'arch or rese-arc'li administration position 
in industry, government, or else-where, or any professicnjal 
positions which was the- delilM'rate i-hoice of the graduafi'." 

this surve-y found that in jaruiary 1071, 1.2 percent of ne-w Ph,l).'s 
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mw UaU'd as iM'ing fmployi'd iti positions lii.it do not approprialHy usi* 
their ^adiiulc training. 

Tw<{ aspit ts s<'«'in to vmvr^v from th«' «'X|M'ri«*rH «' of the last f«'w 
years. RegardUvs* of \\\v rnagnitudr of actual iitn'mploymcnt. wv ha\r a 
considtfahif ruimlM-r of S4'i«'iitists an- fiol v«Ty contrnl in their new 
jobs and who have experieneed s<Tious disUn ations. A real mismatch 
exist.s Mween aspirations and opportnnit'cs. Considerin^i both short- 
and long-term pros|M'< ts. it s«fms clear that aspirations must U- broad- 
ened afid that the value spt'ctnim. i.e., pnifessiunal value placed on 
different tvfws of aetiviti«'s. must Iw e\t«'nded. This is primarily a task 
for the acadeuiii- and s< ienttfi«' conununity, T}»e other dominant eharac- 
teristic of re««'Mt changes in the employment picture has lM'<'n the rapid- 
ity of the course of events. This has injected a degree of instability into 
the plans and activities of individual scit-ntisls and institutions that has 
mad«' adjustments and orderly plaruiing extremely difficult. Whib- many 
of the evi iits contributin«i to the n'cent probb-ms are diffi< ult to pre- 
vent «ir to « orrect rapitllv. some probably could have Im-cu avoided by 
m<»re < areful advanc«' analysi s of the effects of sjH'cifi<- actions. 
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In ffviewing future srientific manpower supply/utilization analy- 
ses, one can group available forettasts into two broad general categories. 
One of them involves* the most "immediate future," i.e., the next two 
to three years. This period i» of greatest concern to those who are 
pretw-ntly und<T- or unemployed as well as students and postdoctorates 
who expect to enter the labor market during this period. The other 
category is the "long-range" future, i.e., the next 10 to 20 years. This ii; 
of special importance to those concerned with the overall welfare of the 
national science and technology enterprise because decisions made to- 
day affecting the production of scientists will start bearing fruit only 
during the latter half of this decade. Thus, these decisions could be 
dei isive in producing imbalances at a later time. Another group with a 
prime interest in the long-range outlook involves universities and col- 
leges which have to plan for staff, facilities, and funds to accommodate 
the number of students likely to be enrolled during the next two dec- 
ades. Finally, students who are just embarking on study programs lead- 
ing to careers in science are vitally interested in the probable nature of 
the demand for their services 8 to 10 years from now. 



The Immediate Future 

The supply available during the next few years cannot change very 
much from expcted levels, since graduates of that period are already in 
the academic pipeline. The only unexpt-cted change affecting the im- 
mediate supply can come from marked changes in emigration/immigra- 
tion patterns and variations in the number of graduates that will not 
even try to obtain science jobs. It is now impossible to obtain data on 
emigration since only a passport is required for that purpose. Also, no 
statistical data are collected on the occupation of the passport holders 
leaving the United States or on the purptise of their trips. However, 
considering the current prospects for employment, it seems likely that 
larger numb<-rs of foreign scientists who came to the United States lo 
work or .*(tudy-as well as .some U.S. st ientists-will look for employ- 
ment opportunities in other countries. Immigration amounted to about 
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i:t.(MK) sHeiitists and <'iiptHMTT<^ ' in M)7()-TI. biit is likely to fht n-asi* 
liecaiist* of tin* mciit n-iiuival of .-<irfi fists and enginiTrs fn»ni the 
Department of l«ib«»r's list of Nlu>rtapt " oeeiipalitins. This makes it 
miieh mon* difficult for fon'ign seirtitlsts to enter the I'nitt'd Stat«'«! to 
aecepi employment. 

During tlM* immiilijite futun*. we will graduating a Iwut 25(>.(M)0 
Iweealaureales. 70.(M)0 nuister's and I8.(M)0 Ph.D.V in s< ient «-s and rngi. 
neering p«T year. Ih>ufver. not all of thes^ will «-nter the labor fi>ree. 
Although current folUmup data ofi graduates are not available, we do 
know on the liasis of somewhat outdated followup studies* t'arried out 
in i<>6:i that tmly alHiut .i5 p«>rccnt of baccalaureates entered th*' sci- 
ence and enginecrifig work force din-ctly . Tlie rest went to graduate 
s«'ht»ol. entered rmnM-ience (H-cupations. entered military ser\ice. left 
the ctiuntry. or did not ent«'r ;iny work acti\ity. How this fraction will 
b«' affect«'d by the tiglitening job market is not clear. Mt>re recent 
information should Iw available within a year from studies b«'ing carried 
<»ut for the NSF by the Amerit an Council on Education (ACE). On th«' 
other hancl. rvvvut data on Mi.D, V ' sliow that tlu-y g«Mierallv do «'nter 
s<'iciicc careers. The lat k of current information on p<ist -graduate at-tivi- 
tii-s of science students makes it difficult to predict how manv new 
graduates will Ih* hM>king ft»r s< ience jobs in the next year or two. On 
the basis of the expected numlx'r of degrees and past post-graduate 
patterns one can venture a guess that ihosi* sinking s<ience jt»bs will 
amount to lOO.OOO to I3(>.(MM) p« r y« ar. It sJuuild be rememlM red that 
many will Ik* ne«tk'd to fill vacanci«'s created by d«ath. retirement, 
disablement, t hanges by presiMilly employed scientists to nons< ientifie 
care« rs. ett-. This is well illustrated by what actually happened in IW>5 
when there was relatively little unemph»vment. In that vear. I45.(HM> 

* 

drfjrn s of ail tvfws wrrr grantrd in ihv natural soinu rs and rnginrrr- 
in«j: yrl. thr total numbtT of rmpioyrd natural scientists and cnjirincTrs 
inm*as<»d bv i>nlv 4L(KMK 

Ckarly. two principal variables will affect employment opportuni- 
ties for M-icntists over the next two-to three year p«Tiod. The first of 
thcs<' is the status of the national ectjuomy. whi<h will directly affec t 
the level of industrial activity in high-technology industries. While the 
outlook is tiptimistic at this time, it is difficult to predict in detail what 
is likely to happi'n t>ver the next 25 months. Tlie other variable is the 
amount of Federal funds available for the purchases of goods and sitv- 
ices. for the support of resi-arch and development, and fi>r academic 
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wience. Tlu* last two itrms aiv fsp«< ially important in detfrmining the 
market for do<torat««.s sirue thfs«' art' prt'domlnafitly rngagfd in re- 
search and d«'velopment or employed in atademie institutions. While 
academic enrollments are expected to continue to increase, no relief to 
ameliorate the financial pressures on universities and colleges is in sight. 
Many univ«Tsiti«'s are in the process of retrenchment and under pres<»nt 
eircumstan< es, no increased demand for doctorat«-s should hv expected 
from the higlier c-iucation sector. 

The Fiscal Year 1972 Federal Ihulget and the FY 1973 Budget 
pres«-nted by tlw Pn-sident to the Congress involve significant in«r»'ases 
of 8.6 percent and 8.5 p<'rcent, respe«- lively, for R&D obligations, in- 
eluding 1 1 .6 percent annual increaw s for res^'arch and development 
conducted in universities.^ ^ However, it must be realized that these 
funds are generally not available for obligation by the Federal agencies 
until the midfwint of the fiscal year and that their subs<»quent obliga- 
tions to individual institutions will take place during the last half of the 
fiscal year. Thus, the effect of thes<> increased FY I972-7;i R&D funds 
on the en,pi<»ynien{ of additional scientists and engineers will in all 
likelihood n<»t Im- felt to any signifn-ant extcf.? lintil the second half of 
1972 or later. This fact is reflected in the Special Analym's of the 
iiudgHj,/ the I '.S. Covernmvnt (tables R-l and R-3), which !*how that 
FY 1972 expenditure estimates for the < oudu< l of resear<'h and dcvel- 
opment arc expe< ted to im reas<« by r>.2 p<T« cnt and those for FY 1978 
by 4.4 pi'rccnt. In cojisidcring these increases, it nuist b<' kept in mind 
that they an- in t«'rms of .urrcnt dollars and that any inflationary 
effects will correspojidingly redu<e their actual effectiveness in provid- 
ing new employment opportunities. 



The Long- Range Fuhire 

.Studies of possible future .Mipply/demand situations depend 
mainly up<»n analyses of past treufls and of < hafiges in trends and 
assumptions about likely magnitu<les »»f future key parameters. Thus. 
thes<' analy.s<>s are esscriHally projci tious. Thes*- are made with more 
confidcfM-e. thoufih not necessarily more accura<>. when relatively 
steady long-term trends have been in existeim' and when th<'re is no 
evidcfM-e of likely changes (luring the jM-riod under review. This is 
clearly not the situatioji at the prcsi-nt time when, as shown in previous 
parts of this paper, we are in the njidst nf a period of rapid transition 
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with past trends already showing indications of marked change. Hefore 
diMUKsing some of the projections which have been made in recent 
times, a word of caution is in order. Projections definitely should not 
be considered as predictiofis; they can only show what future situations 
might be like under certain assumptions and with no significant breaks 
in trends. One of their most useful purposes is to provide an under- 
standing of the nature of key parameters and how they will affect 
future relationships. As such, they provide thp policymaker with 
options for actions to aifect both the supply and demand side of the 
equation. 

A number of supply/utilization projections have been published 
within the last year dealing with: scientists and engineers as a total 
group, such as those produced by the Bureau of Labor Statistics 
(BLS);''* the doctorate part of the scientists population, such as those 
made by NSF;^* Froomkin;'* and Cartter;^' or subgroups of sp«'rific 
disciplines such as the ernes produced by Brode^* and Gruner.^' In 
additicm, the Office of Education (O.E.),'® Hall,'' and McGinnis^' 
have made projections of science baccalaureate and/or doctorate pro- 
duction which affect the supply aspects of the issue. The periods 
covered by the projections vary, with the NSF and BLS projections 
covering the period ending by l<>80, while Cartter proceeds as far as 
1985, and Brode tries to see as far into the future as the year 2000. 

Certain key parameters are almost always taken into consideration 
in all of these projections. In considerine future supply, the studies 
consider: attrition due to death and retirement; the number of scien- 
tists and engineers produced by universities and colleges; retention of 
new graduates within the st*ience and engineering labor force; emigra- 
tion from and immigration into the United States: and mobility into 
science activities from nonscience areas. The demand aspt'ct of the 
problem is ^nerally analyzed along major sectors of either employer or 
activity. The academic sector is u.sually treated as a single entity with 
such considerations ps: future enrollments; student 'o-faculty ratios; 
the ratio of Ph.D.'s to non-Ph.D.'s among newly acquired faculty; and 
difterences between these parameters among various subcomponents of 
acadc'mia such as two-year colleges, four-year college's, and graduate 
.sch(H)ls. Another group is made up of those scientists involved in non- 
academic R&I) activities, principally in industry and government. Key 
parameters for the rior.academic R&D sector are magnitude of R&D 
funds likely to l)e available, the increase in R&D cost per scientist, and 



the ratio <.f Ph.!)/.s to ,u,n.Pfi.U.'s likely t<, be hired by nonaeademie 
employers for R&I) a« tivitie«. A third or "other" group is comprised of 
those seientists and engineers that uh- their scientific background in 
their Hork. but are neither engaged In researdi and devel«,pment or 
academic activities. The latter s<.ctor ificludes those who are it) njanage- 
ment or administration; consulting; non-R&D industrial activities such 
a» producti(,n, marketing, technical sales, etc.; and those who an- practi- 
tioners of science, using their scientific skill in dealing with such prob- 
(ems as quality control in industrial plants, sxnrial work, ecological 
monitoring, weather forecasting, ( tc. Especially among the projections 
of Hi.D. utilization, this last group is frequently not considered adc 
quately, even though the NSF National Register of S<-itntific and Te<-h. 
meal Persoiuiel has shown that the number of doctorates engaged in 
these types of "other activities" has increased from 4 pi-rccnt to 10 
percent during the '60's-a peri(,d primarily characterized bv a shorlaffe 
ofPli.D.'s. ^ * 



Supply 

The Bureau of Labor Statistics has estimated the total number of 
college educated workers entering the labor force between 1 968-80 at 
10.5 million, but does not break this figure down by broad profes.si«rial 
groups such as scientists and etigincers. Its most recent report^'' uoes 
cover particular professions such as life scientists and chemists, but 
specific numbers of available scientists are not presented. Instead, the 
analysis considers rates of production as predicted by O.E. and entry 
from other st)urces such as the Armed Forces or other fields, etc. 

Only three analyscs-NSF,' « Froomkin," and Cartter' ' -take 
mt<» consideration the various factors mentioned previously, and 
project future numb<'rs of a<-tive doctorate scientists and engineers 
(table 2). All these supply figures lie within a lO-pc-rcent range, which 
can be considered in fairly good agreement considering the inh' rent 
uncertainties in this type of projection. 

The kc) factor in tfie projec tion of future supplv is th.- nun.J»er of 
new sc ientists and engineers produced. Here, as illustrated by doctoru'e 
forecasts in table :i, there is no ch-ar consensus among projectors, 
though a c luster of almost identical forecasts emerges. Some of the 
variations can be explained by differences in methodology. Thus, the 
O.E. and Hall projection-: are bas^-d essentially on a continuation of 
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TaMe 2-Siq>pIy and utflization profectians for doctorate ^ntists 
and ei^nem, 1980 

(in thousands) 





Supply 




Utilization 


Difference 
of averages 


Ran^ 


Average 


Range Average 


Cartter 


321-3433 


332 


285-3 15b 300 


-32 


NSF 


316-336 


326 


270-298 284 


-42 


Froomkin 


305 




N.A. 





^Adjusted for the 1970-80 period from 350.000400.000 Ph.D. production figure 
quoted in Reference 27 for 1970-85 period and subtracting 27,000 for net loss due to 
emigration/ Immigration and attrition of the group receiving degrees between 1970-80. 

^Adjusted for the 1970-80 period from incremental academic and non-academic 
utilisation figures quoted in Reference 27 for the 1970-85 period and added to 1970 base 
figure of NSF. 

trends obstTVftl for last ivw years. On the other hand, the NSF and 
('artier fiji^ures are based on t*omputations that give disproportionate 
weight to trend data of more recrent years when science baccalaureate 
production and graduate enrotiments experienced decreasing growth 
rates. Thus, these latter projections come up with considerably smaller 
degree production numbers. The NSF model is a dynamic one which 
considers trends and relationships of ratios of first-year graduate 
students to baccalaureates, total graduate enrollment to first-year en- 
rollments, and finally, Ph.D. production to graduate enrollment. 
McGinnis^^ has tested and used the hypothesis that s< ience*doctorate 
produc tion is Hm*ar!y related to Federal R&D obligations with a lag 
time of about five to six years. Using a cubic or a Uigarithmic function 
to project Federal K&D obligations, he calculates science-doctorate 
production during the seventies which agrees with the lower projec- 
tions. Brode uses the assumption tliat only about 40 percent of the 
22*year (lid population is capable of being motivated to obtain a bache- 
lor's degree in natural science and 'engineering, lie projects for these 
areas of science a saturation Ph.D, production rate of 0.7 percent of 
28-yearM)lds arnl arriv<»s at a 1980 atu)uai natural si'iencesand engineer- 
ing Ph.D. production figun' of 26,{K/'). This estimate compares with 
:WM>00 extrapolated by HalP * and O.E.,^® and a considerably lower 
figure of 18,000 dtTtved by NSF.^^ Again, the differences b<»tween the 
higher mA lower projct^tiofis are du<» to methodological difftTcnces with 
the lower figures iH'ing based on recent changes in student interests in 
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meuvr education as ifidicatcd by dccnMst'd growlh rates* In degree 
produetiun and graduate enrollments. The lowest number, generated by 
NSF, Ls consistent with the eumulative 1969^0 doctorate production 
and active »i \vtm' doctorate figures of Cartter and Froomkin (tables 2 
and 3). 

Tal>!e 3 -Cumulative science and engineering doctorate 
production projections, 1970^1 ?80 

216,000-240,000 

220,000-252,000 

McGinnis'* 223,000-226,000 

279,000 

Office of Education^"" 3!6,000 

aAdjusted by NSF to exclude fields from "social sciences" not 
ordinarily classified as "social science" in the other projections, such as 
social work, public administration, etc. 

UtUisi^Hon 

The Bureau of Labor Statistics*'' has made projections of the total 
number of s< ientists~including all levels of educational attainment -re- 
quired in specific professiotis bawd on ccMain assumptions, as well as 
on ifiterviews with prospective employers of scientists. The key assump- 
tions are a 4.3 per(;enl per year inoreas*- in real GNP, a full-employment 
situation (3- to 4 percent total unemployment) by 1980, and Armed 
Forces strength at essentially the pre-Vietnam level. 

With resp<'ct to utilization of din torates, detailed numerical calcu- 
lations have been undertaken by Froomkin,'* Cartter,*' and NSF.*^ 
The I\SF and Cartter utiliziition projections lie within a 5-percent range 
(table 2). Froomkin does not make independent projections of utiliza- 
tion, but indicates how his projected science doctorate pool would be 
utilized on the basis of either 1968 utilization patterns or his own 
projected utilization pattern, with the "slack" always being taken up by 
the "other" group. With respect to disciplines, the !N.SF study does 
make 1980 projections by broad areas of science while Cartter only 
covers faculty requirements for four spt-cific fields for a number of 
years up to 1985. 

Again, different methodologies and assumptions are employed in 
the various analyses. In the case of the doctorate group, Cartter (U)vers 
primarily academic utilization requirements and makes some rather 



gptieral assumptions about the nature of nonacademic needs while 
assuming either maintenance of prewnt quality standards in academic 
faculty (same prop<>rtion of Ph.D/s) or improvement of teaching 
quality through improvement of the Ph-D.-to-total-faculty ratios. NSF 
covers the three groups-academic, nonacademic research and develop- 
ment, and "other"-in considerable detail making specific assumptions 
about ranges of such factors as: 1980 R&D funds as percent of GNP 
(2.7 percent to 3.0 percent); growth rate of real GNP (4.3 percent/year 
between 1968-80); increases in the proportion of doctorates to be hired 
between now and 1980, with the increases in academia being larger 
than those in the nonacademic sectors; and growth of the proportion of 
total doctorates active in "other'' activities. The NSF study is the only 
one which a'so calculates and lists the sensitivity of its projections to 
each of the explicitly stated assumptions. 

Differences Between Demand and Supply 

For the period up to 1980, chart 9 summarizes the situation for 
those scientific professions covered by the BLS analysis. As can be 
noted, significant shortages are projected for chemists and physicists, 
and potential major oversupplies for mathematicians and life scientists. 
It should be remembered that this analysis cover,, baccalaureates, 
master's, and doctorates as a single group and is based on relatively 
optimistic assumptions. 

With respect to the doctorate situation, table 2 sliows that by 
1980 both Cartter and NSF project an average potential oversupply of 
about 10 percent to 13 percent. As seen from chart 10 the NSF analysis 
projects the greatest problem for engineering doctorates, who have been 
increasing at an annual rate of more than l.'> percent and for social 
s< ientists of whom about 75 percent are now in universities and col- 
leges. The physical scientists appear to b<' likely to have the least prob- 
lems becau.se the majority -60 percent -are employed in nonacademic 
sec tors and also because of the fact that their baccalaureate production 
has remained essi*ntially constant in recent years (chart 4). NSF, Cart- 
ter, and Froomkin all indicate that there is a great likelihood that a 
significant number of future ^loctorates will be engaged in activities 
markedly different from those of the majority of the present group. 
Thus, NSF projects that .slightly more than one-half of the doctorates 
produced between 1969 and 1980 will be teaching in two- and four- 
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Suf^ to requirements will be: 



S<gntficdntlv 



Slt(Jfittv 
betow 



In tulcirvce 



above 



Siqnificantly 



Chemists 
l^ystcists 

E<iftti scientists 
Mdthcmdticidns 
Life scientists 
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yi'iir t olli-jso nr nill t-iij^iif^tMl in n«>ii;i« ad<-riilf. rum K&l) wt.rk, wliilr 
CarUiT Wilms tJuit "im im rfasiiig prt>porlit.ii of th«-H- ypft ialists will not 
!«• I'mploynl in jobs f«.r whit h l\u'\ wvrv lraim «l t,r to whi. h tht y 
aspin-." A ijoiMi . ritiqiif of n't t-tif .hM t.»rati- supp|y/„tilj/4iti..ii pn»j«M*. 
lions has Im < ii iii;h1<- by Wolllf and Ki<l<!.* ^ 

The pirliirr ft.r lh«- ihaI tlft atli- - in spitt- t.f pnyt t lrd iuihai- 
ann-s-is still on<- in whit li an i-qtiiiiiiriiini iM-fwrrn tirtnand and sijpp|> 
may Im- at hit-v.-d. This i-spt-t iaily may ht- fhi- i ast- if th«- n-ifiitly id»- 
s«t\<m| tlrt rtNisfs in sfmlt iit inlfn-sts in t an-frs in scifiii i- i i>niiimf or 
fVfn art rh ratf. Only linn- will li H. HimrM-r. }.Tavf < imi i-rn. tht.iifih in 
<»pposiii{/ thmlions. has Immmi fspn-sst'd about fhf sitiiatit^n in fhr 
fijjhtif> iM't aiisf t.f ih-mo»jraphif aspi-t ts. Thf birth rati- in thi- Unilt-d 
Stati-s ilivhfifd startiiifi in with fht- nsul! that thf mimbt-r of 

IH >far-.)hjs will >larl ti> lifi liii,- in I'>7'>. Man) bi lii-^f that this will 
pn>tlii(f ri latfil dfi n-ast-s in baicalaiirfali> >lartin«j in Mm2. firatluatt- 
t-nrollmfiits >tartin«i in fhf farl> fi^htit-s. and tit.ilt.ratfs starting in 
Whi lhfr Ihfsr dfi n-ast s will at tiiali> bt- obH-r\t d tlt-pfntls t>n 
whfthf' fhf iiifrrasina frfiuls tt>wartls hif/h st hool jirathiation. as wfll as 
foHffif anrl jtrminatf fthiiafion. will ronfinuf, Maii>.siifh as Carfffr. 
ftrl that f\fn with a i tirif iriiiatit>n (»f tht>f trt-nds. b\ I '/HO wf will ha\f 
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rrarhrd a slaj^r of sitiiraliniK af Iras! uiilt rrsjHTf to lUv jHT< riila}ir of 
tlir apfiropriafr ajjr j^roups rn rivin^ barrahmrralr or ailvanrril dr^rn's. 
Huu\i\ uilii assutiiptiori of onl\ a roM?itant iwTrnifajir of th<* agr 
jiroiij) }iriri}j rapablr or rnolivalnl ti» };o into M iriirr, prrilirls a rnlur- 
lion in llir nunilMT of x irnrr ijraihiafrs anil rnrollnirnls. If fliis Inrns 
onl lo hr lUr rasr. il uili liavr at Irast two inipart.-^ on tlir ilrniand/sup- 
pl\ rrlatiourifiip in ttial araclrniir farulty rrijuirrrnrnis as w«*ll as Ihr 
supply of nrw dortoratrs will drirrasr. Thr forinrr will rsjM*rially 
aflrrt Ihosr arras siirh as rnallirrnalirs. and >orial M-irnri> ami lifr 
M'irnrrs wlirrr dorlorafrs arr now prrdoniinaniK nnployrd l)y iinivrr- 
>itirs and rollr*rrs. This }>as lr«l Carllrr to i-onrlndr that in thr rij;hlir-; 
wr may In- produrini; onr-lliird too inan\ srjrnrr Ph.|)/s**for IIm* t\pr 
of <'mplo\mrnl wr ha\r known in tfir past" atid tosu^J^rs| that futurr 
rnrollnirfjl }joals 1m» rarrfnlly rrassi^s^rd. an aflmoniiion wliirli is also 
j£i\rn us tlir NSK r\rfi for morr sliorMrrin ronsidrralion. On Ifir othrr 
hand. Hroilr frrls that a lontinualiori of thr hirlh ralr drrlinr will 
prodnrr snrh a >rriou> rnriuilali\r shorfa^r of srirnli>ts ifi thr rij^litirs 
and ninrlirs that hr urjirs that rnrolimrnts hr maintainrd and strps Im* 
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taken lo prfwrvj- th«' possible <'xce«s which could be produced during 
the sevenli<*s. 

It would appear thai we j^iould not furllu-r discourage students 
from entering careers in si ience. since feedback effects dw to the some- 
what exaggerated accounts of the present situation seem already to 
have affected future scientist production. Thus, if the 1970 graduate 
enrollment decn-ase represents the beginning of a trend, we might be 
well on the way to produce a renewed shortage of scientists by the late 
seventies. On the other hand, it seems imperative that students be coun- 
seled at t\iv time Ihvy make a det ision to enter sc ience careers on the 
probabilities of being able to carry out spei ific activities such as re- 
search and the opportunities and challenges in nonresearch activities. 
This explanation of options must be accompanied by convincing assur- 
amu's of the societal and s««lf satisfying valutas of other typ«'s of scien- 
tific ac livitij-s. Having counseled students to be ready to engage in a 
variety of .scientiHc activities, universitie.-* and colleges must then b<' 
prepared to offer young people broader and more divers*' training pro- 
grams with more curriculum and probably more degree options to pro- 
vide the best training for the projected large immb<T of students who 
will enter neither university nor R&I) careers. These programs should 
be rcsptmsive to the needs of students to obtain direct experience with 
various types of technical work. New approaches could imtlude work- 
study programs or internships to give students direct experience with 
various types of science activities and different type's of employ< rs. 

A word of caution is in order for those who feel that our manv 
stM'ial needs with t<'chfiolf)gical components will clearly require the serv- 
ices of all the s< ientists we are able to protluce. This ass<'ssment is 
undoubtedly correct, yet the utilization of s<ientii.ts does not depi'nd 
solely upon net-ds, which are virtually unlimited, but rather upim the 
resources which society is likely lo make available to dea^ with Uiese 
needs. Such resource allocation df-cisions are influenced by numerous' 
piflitical, social and other factors and. as must be evident from the 
present situation, the availaWe rest)ur<<'s will always b*' limited. Esti- 
mates of the likely magnitude .>f these future resources produce the 
utiliziition liniitaticins describ<'d ai>ove. On the other hand, it must also 
be realized that with a finite, though as yet undetermined, fraction of 
the population capable of Ix-coming scientists, manpc»wer production 
constraints do placj- an upper limit on the quantity of rrsciurces that 
could \h' utilized. A c«mlinuing evaluation of this last as|Mct. taking 

n 
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into consideration the changing characteristics of college students and 
their motivations, se<*ms very much in orX r. 
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